Evidence suggests that low 25-OH vitamin D 25(OH)D concentrations may increase the risk of several cardiovascular diseases such as hypertension, peripheral vascular disease, diabetes mellitus, obesity, myocardial infarction, heart failure and cardiovascular mortality. Recent studies suggested a possible relationship between vitamin D deficiency and increased carotid intima-media wall thickness and vascular calcification. We hypothesized that low 25(OH)D may be associated with coronary atherosclerosis and coronary plaque burden and composition, and investigated the relationship between serum vitamin D levels and coronary atherosclerosis, plaque burden or structure, in young adult patients by using dual-source 128x2 slice coronary computed tomography angiography (CCTA). We included 98 patients with coronary atherosclerosis and 110, age and gender matched, subjects with normal findings on CCTA examinations. Patients with subclinical atherosclerosis had significantly higher serum total cholesterol, triglycerides, hs-CRP, uric acid, HbA1c and creatinine levels and lower serum 25(OH)D levels in comparison with controls. There was no significant correlation between 25(OH)D and plaque morphology. There was also a positive relationship between 25(OH)D and plaque burden of coronary atherosclerosis. In multivariate analysis, coronary atherosclerosis was associated high hs-CRP (adjusted OR: 2.832), uric acid (adjusted OR: 3.671) and low 25(OH)D (adjusted OR: 0.689). Low levels of 25(OH)D were associated with coronary atherosclerosis and plaque burden, but there was no significant correlation between 25(OH)D and plaque morphology.
INTRODUCTION

25-OH vitamin D (25(OH)D)
is now recognized to have several biological effects in addition to calcium and bone homeostasis. Evidence suggests that low 25(OH)D concentrations may increase the risk of hypertension, peripheral vascular disease, diabetes mellitus, obesity, myocardial infarction, heart failure and cardiac mortality [1] [2] [3] . Recent studies showed that 25(OH)D might also play a role in the pathogenesis of cardiovascular disease through a shared association with atherosclerotic plaque formation and progression [4, 5] . Low 25(OH)D levels have been found to be associated with endothelial dysfunction, inflammation, increased vascular stiffness and high coronary artery calcium scores [5] . In addition, 25(OH)D deficiency affects vascular functions by aggravating atherosclerosis, while treatment with 25(OH)D may have protective effects on atherosclerosis [6, 7] . Low 25(OH)D levels have been found to be associated with early signs of atherosclerosis such as increased carotid intima-media wall thickness [8] . Clinical studies also suggest a possible relationship between 25(OH)D deficiency and vascular calcification [9] which is a major determinant of morbidity and mortality of the affected patients [10] . Although the incidence of cardiovascular disease events is low in individuals younger than 45 years old, subclinical atherosclerosis often begins in childhood or young adulthood. Early detection of coronary artery disease (CAD) in young patients is necessary because young patients with myocardial infarction should have more favorable early and late prognosis than their older counterparts. To our knowledge, there is no published data on the relationship between serum 25(OH)D levels and CAD detected by coronary computed tomography angiography (CCTA) in young adult population. We hypothesized that low 25(OH)D may be associated with subclinical coronary atherosclerosis and coronary plaque burden and composition in young adults. In this study, we aimed to determine the associations between 25(OH)D levels and CAD by using dual-source 128x2 slice CCTA in young adult subjects.
MATERIALS AND METHODS
Study population
The study was a single center, crossover, observational and was conducted in tertiary healthcare level (heart center) settings. A total of 208 patients, age under 45 years, were subjected to CCTA between September and May 2014. Of those, 98 patients (study group) diagnosed with coronary atherosclerosis on CCTA, and 110 age-and gender-matched subjects with normal CCTA (control group), were included. The indications for CCTA included: intermediate or high risk by Framingham score, asymptomatic, contraindications to exercise stress test, uninterpretable stress test results, suspected coronary anomalies or congenital heart disease for the exclusion of significant CAD before non-coronary cardiac surgery. The exclusion criteria were: prior diagnosis of CAD or severe valve disease, liver or kidney failure, diseases related to bone metabolism, primary or secondary hyperparathyroidism, use of drugs affecting calcium metabolism, history of malignancy or osteoporosis.
Demographic and clinical properties were recorded, and blood samples were obtained for biochemical and 25(OH)D analyzes. Written informed consent was obtained from all study participants and the local ethics committee approved the study protocol.
Coronary CT angiography CCTA angiograms were obtained using the dual-source CT system (Definition Flash, Siemens Medical Solutions, Forchheim, Germany) with 280 milliseconds of rotation time, 2×28 slices, a pitch of 3.4 and triggering at 60% of the R-R interval. The tube current for the protocol was set at 180-300 mAs. Slice collimation of 0.6 mm was achieved. A dose of 80-100 ml of nonionic contrast media (Iomeron 400 mg/mL, Bracco, Milan, Italy) was administered at a rate of 5 mL/s with a dualhead power injector attached to an 18-gauge needle positioned in an ante-cubital vein. The bolus tracking technique was used, and images were obtained during a single breathhold of 6 seconds.
Image analysis
Two experienced radiologists blinded to clinical information evaluated all scans with a 3-dimensional workstation Syngo.via (Siemens Healthcare, Forchheim, Germany). Consensus interpretation was performed to obtain a final CCTA diagnosis. The characteristics of the stenoses, plaques and the number of plaques to per-segment were analyzed according to the modified American Heart Association classification [11] . A stenosis of more than 50% and 75% was defined as significant or severe, respectively. Plaques were defined as structures that were 1 mm 2 and within or adjacent to the vessel lumen and that could be clearly distinguished from the lumen and the surrounding pericardial tissue. Plaques with more than 50% of the plaque area occupied by calcifications (density C130 HU in native scans) were classified as calcified. Plaques with 50% calcium were classified as mixed, and plaques without any calcification were classified as non-calcified lesions [12] . Coronary atherosclerosis was defined as the presence of any plaques on a CCTA.
Laboratory measurements
Blood samples were collected in the morning after an overnight fasting. Levels of total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) in serum were measured using an Abbott Aeroset autoanalyser with original kits (Abbott Laboratories, Abbott Park, Illinois, U.S.A). Low-density lipoprotein cholesterol (LDL-C) levels were calculated using Friedewald equation. A radioimmunoassay procedure was used to measure 25(OH)D (DiaSorin, Stillwater, MN). The intra-and inter-assay coefficients of variations (CVs) were 3% and 3.3% for the 25(OH)D. Highsensitivity C-reactive protein (hs-CRP) level was determined by immunoturbidimetric method (Abbott Aeroset 1600, Abbott reagents, Germany). Serum uric acid levels were measured using an enzymatic colorimetric test on a Roche Hitachi 911 Chemistry Analyzer (Roche Diagnostics, Germany)
Statistical analysis
All analyzes were performed using SPSS V 16.0 for Windows (version 16.0, SPSS, Chicago, Illinois). All data are presented as mean ± standard deviation unless otherwise stated. Comparison of parametric values between the two groups was performed using independent samples t test.
Comparisons of nonparametric values between the two groups were performed using Mann-Whitney U test. Categorical variables were compared using the chi-square test. Spearman correlation coefficient was computed to examine the association between two continuous variables. The Kruskal-Wallis test was used to compare 25(OH)D levels in groups according to three subgroups based on the plaque characteristics. Univariate logistic regression models were firstly performed to evaluate the crude association between the presence of coronary atherosclerosis and each of the factors including age, sex, serum total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides, hs-CRP, creatinine, cigarette smoking, diabetes, hypertension, body mass index, uric acid and 25(OH)D, individually. Those factors that were significant at the p≤0.10 level in the univariate models were put into the multiple logistic regression models to identify the factors that were independently associated with the presence of coronary atherosclerosis. A receiver operating characteristic (ROC) curve was constructed to determine the predictive value of vitamin D on coronary atherosclerosis. All statistical tests were two-sided, and p<0.05 was considered statistically significant.
RESULTS
Demographic and clinical characteristics of the study participants are presented in Table 1 . Age, gender, body mass index (BMI), presence of hypertension and LDL cholesterol levels was not different between two groups. The study group had a higher prevalence of diabetes, hypertension, and smoking and higher levels of serum creatinine, total cholesterol, triglycerides, hemoglobin A1c (HbA1c), uric acid and hs-CRP levels than control group (Table 1 ). The study group had lower 25(OH)D, and HDL cholesterol levels compared to control group (Table 1) . In all subjects, 25(OH)D was negatively correlated to hs-CRP (r= -0.344; P<0.001). There was a negative correlation between 25(OH)D and the number of plaques (r=-0.346; p< 0.001). The cohort was also divided into three groups according to the plaque characteristics. Serum 25(OH)D levels were not different between calcified, mixed and non-calcified plaque groups (17.38±5.6 vs. 17.64±5.2 vs. 17.7±4.3 ng/ml, p= 0.75) ( Table 2) . Subjects with subclinical coronary atherosclerosis had lower 25(OH)D and HDL cholesterol levels (Table 1) . In all subjects, the 25(OH)D was negatively correlated with hs-CRP (r= -0.344; p<0.001). There was no significant correlation between 25(OH)D and plaque morphology ( Table 2 ). The cohort was also divided into 3 groups according to the plaque characteristics. Univariate logistic regression analysis revealed following risk factors associated with the presence of coronary atherosclerosis: diabetes, smoking, total cholesterol, LDL cholesterol, HDL cholesterol, triglyceride, uric acid and (25(OH)D) ( (Figure 1 ).
DISCUSSION
We found a significant inverse association between serum 25(OH)D levels and presence and severity of coronary atherosclerosis in young adults, but no association with plaque composition. The high prevalence of 25(OH)D deficiency in our cohort beginning at an early age may play a major role in the pathogenesis of coronary atherosclerosis. The results of previous studies evaluating an association between 25(OH) D and subclinical atherosclerosis assessed by carotid intima-media wall thickness (IMT) have been inconsistent. In a population-based cohort of the elderly, a significant inverse stepwise association has been found between serum 25(OH) D levels and internal carotid IMT [8] . However, in the MultiEthnic Study of Atherosclerosis [13] serum levels of 25(OH)D were not significantly associated with carotid IMT or plaque. The results of the present study are consistent with the previous studies suggesting the role of (25(OH)D) deficiency in the development and progression of atherosclerotic cardiovascular disease in different populations. Recently, Akin et al. [4] reported that (25(OH)D) insufficiency was associated with the severity of coronary artery stenosis. The relation between (25(OH)D) and coronary artery stenosis has been demonstrated previously by CCTA in a particular data set: asymptomatic African American long-term cocaine users [5] . In the Korean longitudinal study on health and aging, a significant relationship between (25(OH)D) status and coronary artery stenosis was found in a community-based elderly cohort [14] . As different from these studies, our patient population was consisted of young adults and additionally the relation between 25(OH)D and the severity of coronary atherosclerosis and plaque morphology was also investigated. There are some mechanisms proposed to explain the relation between 25(OH)D deficiency and coronary atherosclerosis. 25(OH)D receptor has been found in most tissues and cells, which includes vascular smooth muscle cells [15] , macrophages [16] , cardiomyocytes [17] , endothelium [18] , and lymphocytes [19] . 25(OH)D stimulates the production of prostacyclin by vascular smooth muscle cells, which prevents thrombus formation, cell adhesion, and smooth muscle cell proliferation [20] . Vascular smooth muscle cells and endothelial cells express receptors for 25(OH)D and could convert 25-hydroxyvitamin D3, the major circulating metabolite of vitamin D3, to 1,25-dihydroxyvitamin D3 (1,25(OH)2D) [21] . In addition, Al Mheid et al. [22] reported that 25(OH)D insufficiency was associated with increased arterial stiffness and endothelial dysfunction in a community-based asymptomatic population. Another mechanism may be pancreatic β-cell dysfunction, peripheral tissue resistance to insulin predisposing to diabetes [23] , and activation of the renin-angiotensin system predisposing to hypertension [24] . In addition, Oh et al. [25] . Reported that active 25(OH)D suppresses foamcell formation by reducing macrophage cholesterol uptake in diabetics. A final mechanism explaining the effects of 25(OH)D and its metabolites on atherosclerosis may be their anti-inflammatory actions. The inflammatory process plays a major role at all stages of atherosclerosis from initiation through progression and in the thrombotic complications of this disease [26] . The association of 25(OH)D with inflammatory markers is controversial. The Ludwigshafen Risk and Cardiovascular Health study [27] reported an increased inflammatory process in patients with low 25(OH)D status. By contrast, a recent analysis from the Framingham Offspring Study found that 25(OH)D deficiency was not associated with systemic inflammatory markers [28] . In our cohort, we found a significant inverse association between serum 25(OH)D and hs-CRP levels. Studies have shown that atherosclerosis begins at a very early stage in life [29] , and the prevalence of subclinical coronary atherosclerosis in asymptomatic young adults is remarkable. The prevalence of subclinical atherosclerosis in young people was found to be 9.4% by KN Jin et al. [30] , which is a similar result to those of other studies [31, 32] . Early detection of subclinical coronary atherosclerosis In the present study, we also found a significant inverse association between serum uric acid (SUA) levels and subclinical atherosclerosis in young patients. A growing body of evidence from experimental, clinical, and epidemiological studies has suggested a possible association between elevated levels of uric acid and several indices of vascular function including the development and progression of atherosclerotic cardiovascular disease [33] . Consistent with our results, Kaya et al. [34] demonstrated that SUA was significantly associated with the severity and morphology of coronary atherosclerosis detected by multidetector computed tomography. However, in a recent report, no association was found between SUA and brachial flow-mediated dilatation or the presence of carotid plaque in young adults [35] . The present study has several limitations. First, the sample size in our study was relatively small. Serum 25(OH)D levels vary with geography, seasonality, latitude, and altitude presumably as a result of sunlight exposure. Although 25(OH)D has a relatively long circulating half-life approximately 3 weeks and is considered a good biomarker, serum vitamin D levels may change throughout days and seasons of the year. Since coronary atherosclerosis develops and progresses over the years, a single measurement of vitamin D may not reflect lifetime status. However, in our study population, there was no difference in terms of distribution by months between control and study groups. In addition, this was a cross-sectional study, therefore, reversed causation bias cannot be excluded, e.g. that low 25(OH)D levels are the result and not the cause of the disease. Despite these limitations, our study has strength as well since it is the first study demonstrating the link between 25(OH)D and coronary atherosclerosis and plaque burden with CCTA, being current standard, in young adults.
CONCLUSION
Our study suggests an inverse association between levels of serum 25(OH)D and the presence and the severity of subclinical coronary atherosclerosis determined by CCTA in young adults, independent of other traditional cardiovascular disease risk factors. 25(OH)D may play a role in the development of subclinical coronary atherosclerosis in young patients.
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